Acid phosphatases (APs) are a family of enzymes that are widespread in nature, and can be found in many animal and plant species. Mystery surrounds the precise functional role of these molecular facilitators, despite much research. Yet, paradoxically, human APs have had considerable impact as tools of clinical investigation and intervention. One particular example is tartrate resistant acid phosphatase, which is detected in the serum in raised amounts accompanying pathological bone resorption. This article seeks to explore the identity and diversity of APs, and to demonstrate the relation between APs, human disease, and clinical diagnosis. 
E
nzymes are protein molecules that have a three dimensional globular shape. Their function is to speed up the rate at which chemical reactions take place, particularly within the cells of organisms. Enzymes are therefore referred to as biological catalysts. These events take place in the distinct groove or "active site" of the enzyme molecule and involve the binding of the reaction chemical or "substrate", and the breaking or making of chemical bonds. The outcome is a specific change to the substrate, which creates a new chemical molecule or "product". The enzyme molecule itself is unchanged by the event. Enzymes are classified into six groups according to the type of chemical reaction they catalyse (fig 1) .
Transferases catalyse the transfer of a small portion (or molecular group) of one substrate on to another, whereas isomerases will convert a molecule into its alternative structural form, called an isomer. Ligases promote bond formation between two substrates, creating one larger molecule. Similarly, oxidases will combine oxygen with the substrate molecule, but can also remove electrons. Lyases encourage specific chemical bonds to break, which enables the substrate molecule to split. Likewise, hydrolases split molecules but, in contrast to lyases, water is always a part of the process. Acid phosphatases (APs) are a family of enzymes that belong to the hydrolase class. They are specifically grouped together because of the shared ability to catalyse the hydrolysis of orthophosphate monoesters under acidic conditions.
ACID PHOSPHATASES
Despite having a common functional identity, isoenzymes (or different types) of APs differ widely regarding tissue and chromosomal origin, molecular weight, amino acid homology, sequence length, and resistance to L(+) tartrate and to fluoride. Table 1 compares the characteristics of five important APs found in humans.
Human APs are normally found at low concentrations. However, pronounced changes in their synthesis occur in particular diseases, where unusually high or low enzyme expression is seen as part of the pathophysiological process. This observation suggests that APs could be diagnostically useful as serological and histological markers of disease, and could also be of use in the investigation of the pathophysiology of the associated disease. Table 2 highlights the clinical relevance of five human acid phosphatases as disease markers.
Total lysosomal acid phosphatase (LAP) deficiency is an autosomal recessive disorder that was first discovered by Nadler and Egan. 23 The clinical features of the disease include intermittent vomiting, lethargy, hypotonia, opisthotona, and terminal bleeding in early infancy. Other case studies have shown LAP deficiency to be limited to white blood cells. This resulted in recurrent infections.
Prostate acid phosphatase (PAP) has been used extensively as a serum marker for cancer of the prostate. It is released into the serum from the prostate gland in increasing amounts as malignant tissue proliferates. In recent years, the enzyme has lost its clinical interest to prostate specific antigen (PSA), which is claimed to be a more sensitive marker for early stage disease. 24 However, PAP is now receiving renewed interest as a prognostic indicator. 15 PAP is also released into semen as a normal constituent of seminal fluid. Immunoassays for PAP are still used in forensic investigations as a means of identifying the presence of semen in cases of sexual abuse. 25 Erythrocyte AP (EAP) is a polymorphic enzyme in humans-there are several gene types or alleles that express the EAP enzyme. A person may inherit the genes for any one of several possible forms of the enzyme. Particular genotypes of EAP are linked with an inherited susceptibility to haemolytic favism, a condition where acute haemolytic anaemia follows the ingestion of fava beans, certain drugs, or particular bacterial or viral infections. Certain genotypes of EAP are also linked to developmental disturbances in childhood. 8 has enabled its exploitation in paternity testing alongside other red cell systems. 17 "During normal and pathological bone resorption, osteoclastic AP is synthesised in abundance by active osteoclasts of bone tissue"
Gaucher's disease is a inborn error of cerebroside metabolism that is inherited as a recessive disorder. The condition is characterised by the deposition of fatty compounds in the brain and other tissue (especially the bone), which then manifests as mental retardation, abnormal limb posture, spasticity, and difficulty with swallowing. Abnormal macrophages (scavenging cells of the immune system) are a diagnostic trait of Gaucher's disease. These "Gaucher cells" synthesise large amounts of AP, which is easily visualised under the microscope by biochemical staining methods. 18 19 Bone demineralisation is commonly associated with Gaucher's disease and may contribute to the raised concentrations of AP found in the serum of affected individuals. The histological detection of an AP enzyme is also exploited to diagnose leukaemic reticuloendotheliosis, otherwise known as hairy cell leukaemia. The enzyme is expressed in copious amounts by the unusual "hairy cells" of this condition, which are believed to originate from phagocytic B cells. 10 During normal and pathological bone resorption, osteoclastic AP (OcAP) is synthesised in abundance by active osteoclasts of bone tissue. It is a 35 kDa glycoprotein with a binuclear iron centre at its active site. 11 12 As with the AP found in macrophages, OcAP is a type 5 AP because on polyacrylamide gel electrophoresis it migrates to a fifth position when compared with other APs found in human serum. 13 Another type 5 AP is found in the serum that is not of bone origin. It is speculated to arise from macrophages. 27 OcAP differs structurally from this isoenzyme by not having sialic acid residues. To highlight this distinction, the type 5 APs from osteoclasts and those of non-bone origin are referred to as APs 5b and 5a, respectively. [27] [28] [29] Because of the emerging importance of OcAP for the diagnosis, monitoring, and management of bone resorption pathology, the remainder of this article will focus solely on this particular isoenzyme of acid phosphatase.
TARTRATE RESISTANT ACID PHOSPHATASE OF THE OSTEOCLAST
Bone growth and remodelling are normal physiological events that occur at a high rate throughout childhood and adolescence, and to a much lesser extent during adult years. It is the net result of the activity of two types of bone cell which have opposing actions: those that synthesise new bone material, mainly, osteoblasts, and cells called osteoclasts, which are responsible for resorbing or breaking down existing bone material.
An exaggerated rate of bone resorption underlies the pathophysiology of many human diseases-for example, Paget's disease, malignant hypercalcaemia, renal osteodystrophy, hyperthyroidism, hyperparathyroidism, and postmenopausal osteoporosis. 22 30-32 The outcome is a progressive thinning of the bones and an increased risk of fractures.
Evidence shows that a pathological increase in bone resorption arises when osteoclasts are stimulated into resorption activity at an increased rate. This upsets the normal balance High with MAP 12 + -Gel band refers to the relative position of acid phosphatase after its migration towards the cathode in acidic polyacrylamide gel electrophoresis. 10 13 M, molecular mass. 18 19 Osteoclastic (OcAP) Metastasis to the bone 20 21 Bone resorption conditions 22 *Relative position of acid phosphatase after its migration towards the cathode in acidic polyacrylamide gel electrophoresis. 10 13 between bone resorption and bone synthesis. 10 The increase in osteoclast activity is accompanied by an increase in the synthesis and secretion of type 5b AP. This enzyme is resistant to the inhibitory influence that L(+) tartrate has on the catalytic function of other APs. It is therefore commonly called tartrate resistant acid phosphatase (TRAP). 10 Evidence indicates that TRAP is involved in the bone resorption process. Furthermore, resorption events are marked by a corresponding rise in the total amount of TRAP in the serum. 33 An association between osteoclasts and the enzyme TRAP is nothing new. Osteoclasts are well known for containing a large amount of TRAP activity, 33 and this phenomenon has been used for many years to identify osteoclasts in tissue samples using histochemical techniques. 34 Further evidence of this association is abundant. For example, (1) osteoclasts cultured in the laboratory on cortical bone slices or dentine show a progressive accumulation of TRAP in the culture medium. This corresponds to the development of resorption lacunae on the bone surface. 34 (2) Antibodies directed to the active site of TRAP prevent the enzyme carrying out its normal catalytic role. This triggers a decrease in bone resorption. 35 (3) TRAP "knockout" mice, which do not carry the gene for synthesising TRAP, develop mild osteopetrosis (excessive bone growth) when the balance in bone remodelling is allowed to tilt towards osteoblast activity. 36 (4) TRAP occurs in much higher concentrations in the serum of people with skeletal disease than in normal control subject. [37] [38] [39] Furthermore, it increases with the rate of resorption taking place. 40 There is a direct relation between excessive osteoclast facilitated bone resorption and the arrival of increased amounts of TRAP in the circulation. Therefore, serum TRAP has been indicated as a disease associated marker for the clinical diagnosis of excessive bone resorption and for quantitatively monitoring the rate and progression of metabolic bone disorders. 33 41 "Hormones-for example, oestrogen and parathyroid hormone-undoubtedly influence the consequent resorption activity of osteoclasts"
Measuring the amounts of specific enzymes in the serum has for a long time provided a bedrock for the diagnosis of many commonly encountered clinical conditions. For example, PAP has been used to diagnose cancer of the prostate. Alanine aminotransferase and aspartate aminotransferase are released into the serum from the liver and provide a signal that hepatic cells have been damaged or ruptured. Isotypes of creatine kinase and lactate dehydrogenase are liberated from cardiac cells as a result of cell damage during myocardial infarction. Likewise, TRAP has the potential to be regarded as a diagnostic enzyme and thereby provide valuable information in the routine investigation of pathological bone resorption.
TRAP seeps into the serum after being released from osteoclasts that are actively resorbing bone tissue. The osteoclasts retain their cellular integrity as the enzyme is continually released. Therefore, its raised concentration in the plasma during episodes of pathological bone resorption is not the result of its liberation from damaged cells, as is the case with aspartate aminotransferase, alanine aminotransferase, lactate dehydrogenase, and creatine kinase, as previously mentioned. To trace the route by which TRAP passes before its arrival in the serum, and to unravel the physiological role of TRAP, it is important to appreciate current opinions on how osteoclasts go about resorbing bone tissue.
HOW DO OSTEOCLASTS BREAK DOWN AND REMOVE BONE MATERIAL?
Osteoclasts are cells of haematopoietic origin that differentiate and migrate to the site of bone resorption, possibly under the influence of cytokines. [42] [43] [44] One osteoclast has many nuclei ( fig  2) . It is believed that this multinuclear structure arises from the fusion of many AP positive mononuclear precursors of osteoclasts. 45 Hormones-for example, oestrogen and parathyroid hormone-undoubtedly influence the consequent resorption activity of osteoclasts. Immediately before the resorption event, osteoclasts undergo changes by assuming a polarity of structure and function. These changes facilitate bone resorption. 46 Two distinctive alterations are the development of a ruffled border and a sealing zone at the plasma membrane. This occurs only in the region of the cell that is next to the bone surface. 46 When osteoclasts arrive at the resorption site they use the sealing zone to attach themselves to the bone surface. Integrins are implicated at the attachment stage, in particular the integrin αVβ3, which is expressed by resorbing osteoclasts. Integrins are molecules that enable attachment between two entities, in this case, the bone matrix and the osteoclast. 47 The ruffled border develops within the sealing Demystified . . . Acid phosphataseszone and is encircled by it. These adaptations form a specialised resorbing organelle, which appears to be made from the fusion of numerous intracellular acidic vesicles. It is located at the region of the plasma membrane that faces the bone. Bone resorption takes place within a microenvironment created beneath these adaptations (fig 3) .
Dissolution of hydroxyapatite
The mineral framework of bone is first dissolved as an initial stage in the breakdown of bone tissue. It is established that mineral dissolution of bone occurs by the action of hydrochloric acid (HCl). The protons for this agent arise from the activity of another enzyme, cytoplasmic carbonic anhydrase II, which is synthesised in large amounts within the osteoclasts. 48 The protons are then released across the ruffled border into the resorption zone by an ATP consuming proton pump. This culminates in a low pH of around 2.5-3.0 in the osteoclastic resorption space. 49 It is notable that metabolic inhibition of the proton pump halts bone resorption. 50 Therefore, the proton pump appears to be an absolute requirement for normal bone resorption to take place. 51 
Degradation of organic matrix
The organic constituents of bone tissue remain after the dissolution of the mineralised component. As a second step in bone resorption, proteolytic enzymes are synthesised by osteoclasts and secreted into the sealed resorption zone. Cathepsin K, a proteinase, and matrix metalloprotease 9 (collagenase B) have been identified in particular. 52 As a result, a visible depression or Howslip's lacuna is excavated into the bone 34 and forms an extracellular space between the ruffled border membrane and the bone matrix. Until recently, a model had not been formulated that could answer the following questions. How do osteoclasts remove such large amounts of bone matrix from the sealed resorption lacunae during penetrative resorption, without losing their tight grip on the bone? Where do the liberated matrix components go?
Removal of degradation products from resorption lacunae Salo et al proposed a model to explain a mechanism. 46 This was based on experiments that traced the movement of bone matrix components during resorption. Once liberated from the bone, free organic and non-organic particles of the bone matrix were shown to be taken in or endocytosed from the resorption lacunae across the ruffled border into the osteoclast cell. They were then sequestered in membrane bound vesicles within the cytoplasm of the osteoclast. These vesicles and their contents passed across the cell and then fused with a specialised region of the basal membrane called the functional secretory domain (FSD).
Changes in the cytoplasmic framework in this region of the osteoclasts, in particular the disassembly of cortical F-actin network, provided evidence that the discharge or exocytosis of the vesicle contents then took place. Furthermore, clusters of matrix fragments were located in the region directly outside the cell next to the FSD. This supports the view that matrix fragments were finally expelled from the cell by exocytosis into the extracellular space away from the bone. The observation that matrix collagens were trafficked through osteoclasts by way of a transcytotic route is supported by Nesbitt and Horton. 47 The ultimate fate of resorbing osteoclasts is to undergo apoptosis or cell death. This appears to be triggered when there is a shift from the process of bone resorption to that of formation, as demonstrated in animal models. 53 
HOW DOES TRAP CONTRIBUTE TO THE BONE RESORPTION PROCESS?
It has been an enigma how TRAP contributes to this sequence of events and at what stage it participates in the process. Undoubtedly, the rate of TRAP synthesis in osteoclasts and its accumulation in the body fluids has a quantitative association with the rate at which bone resorption is taking place. 33 This is noted both for normal bone remodelling and the exaggerated activity associated with bone resorption diseases. Therefore, the enzyme is inducible by some kind of trigger and appears to have a direct and/or indirect functional link with the resorption process.
Research indicates that TRAP is synthesised as a latent inactive proenzyme. It is then subsequently made active by having a small region of the molecule cleaved away by another enzyme, a cysteine proteinsases. 54 Evidence suggests that the active enzyme has a part to play in bone resorption both inside and outside the osteoclast cell. Extracellular role of TRAP An extracellular role for TRAP during bone resorption is suggested by its extracellular accumulation in the bone matrix immediately next to the ruffled border of resorbing osteoclasts. 55 However, the precise nature of its catalytic contribution at this site is still unclear, as is its natural substrate.
"Research indicates that tartrate resistant acid phosphatase is synthesised as a latent inactive proenzyme"
TRAP is a non-specific phosphatase. It can act on a wide range of natural and synthetic substrates-for example, orthophosphate esters and inorganic pyrophosphates. In vitro studies have established that TRAP can act as a phosphoprotein phosphatase, by catalysing the release of phosphate groups from protein molecules. 56 This change modifies both the structure and consequently the function of the substrate. 57 Osteopontin, bone sialoprotein, and osteonectin are bone matrix phosphoproteins that can act as substrates for TRAP. 57 Osteopontin is a non-collagenous protein that is unevenly distributed during bone resorption. It is highly expressed at the bone surface opposite the sealing zone of resorbing osteoclasts and is essential for resorption to take place. 58 This bone matrix protein enables osteoclasts to adhere to the bone surface by binding with integrins, in particular αVβ3. These integrins are abundantly distributed at the sealing zone of the osteoclast cell itself. 59 TRAP can remove phosphate groups from osteopontin, an event that consequently disrupts adhesion of osteoclasts to the bone. 57 This suggests that the enzyme might regulate osteoclast adhesion to the bone and also enable migration of osteoclasts to adjacent sites of resorption-for example. The ability of TRAP to degrade phosphoproteins in bone by dephosphorylation may illustrate a preliminary stage in the degradation of the bone matrix. It would allow specific proteinases to access and then act upon the organic components of bone tissue. Of further interest, the bone matrix is rich in pyrophosphate, a known inhibitor of bone resorption. TRAP can hydrolyse and therefore liberate pyrophosphate from the bone matrix. This hydrolysis event would enable bone resorption activity by osteoclasts to begin.
Intracellular role of TRAP
Using fluorescence microscopy, Halleen et al localised TRAP within the transcytotic vesicles of osteoclasts, but not at the ruffled border or resorption lacunae. 60 This last observation is in contrast to Reinholt and colleagues 55 and Fukushima et al. 61 At these sites, TRAP was colocalised with the organic products of bone degradation that had been released from bone matrix during resorption and endocytosed into the osteoclast cells. The model was put forward that TRAP containing vesicles from the biosynthetic pathway fuse with transcytotic vesicles transporting matrix degradation products from the ruffled border to the FSD of osteoclasts. At this location, the enzyme is thought to be secreted out of the cells, together with the matrix degradation products. After this stage, both entities leak into the circulation at a rate that corresponds to the amount of resorption activity being undertaken by the osteoclast. The question arises as to the role of TRAP within these vesicles?
The binuclear iron centre that is present at the active site of TRAP conveys catalytic activity on the enzyme molecule. Four states of the enzyme have been identified according to the iron state and the colour of the purified enzyme. These are as follows: purple (inactive), pink (active), yellow (mostly deactivated), and clear (iron free). 12 56 It has been proposed that during TRAP catalysed hydrolysis of phosphomonoesters the iron centre enables the effective binding of a phosphate substrate in the active site in an acid (pH 4-6) environment. It is also thought to promote hydrolysis by means of a potent electron withdrawing effect. 62 However, evidence is accumulating for a second function for the binuclear iron centre of TRAP, which is the generation of reactive oxygen species (ROS).
Hayman et al found that TRAP could catalyse the formation of free radicals. 12 A free radical is an atom that contains at least one unpaired electron, which makes it very reactive and potentially destructive. Taking this observation further, Halleen et al incubated TRAP in vitro with H 2 O 2 , which produced ROS in the form of hydroxyl radicals. 60 This strongly suggests that the free radicals arose by way of the well documented Fenton reaction. 
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Cultured osteoclast cells, which had been genetically manipulated to overexpress TRAP, produced higher amounts of ROS, demonstrating a link between the amount of TRAP synthesised and the amount of ROS generated.
There is clear evidence that reactive oxygen radicals are required for active resorption at the lacuna. These are produced at the resorptive interface between the bone and the osteoclast. 64 65 ROS are also required for processes within intracellular vesicles of the osteoclast. 12 60 But how do they contribute to this process?
The TRAP derived ROS was seen in vitro to degrade type I collagen to fragments, whereas the TRAP enzyme protein itself was not degraded. 60 Evidence suggests that a continuous oxidation and reduction of the iron centre of TRAP produced both hydroxyl ( "The concentration of tartrate resistant acid phosphatase in the serum appears to have a quantitative and dynamic relation to the amount of resorption taking place on a day by day basis"
Halleen et al concluded that bone matrix proteins are destroyed within transcytotic vesicles by TRAP facilitated formation of ROS and the subsequent degradation of bone proteins by the ROS generated. 60 However, evidence from this study suggests that TRAP does not have a role in direct excavation of the bone itself, which contradicts previous research findings. These events help explain why the concentration of TRAP increases in the circulation during bone resorption. The enzyme is synthesised to help dispose of the products of bone breakdown within transcytotic vesicles. Along with fragments of bone matrix, it is released into the extracellular environment as an active enzyme by exocytosis at the FSD. TRAP then subsequently leaks into the circulation through the interstitial fluid.
Extracellular fate of TRAP Once secreted, the enzyme is exposed to physiological influences present in the body fluids. TRAP has a tendency to bind to and complex with a high molecular weight molecule in serum, namely α 2 macroglobulin. 66 Although the role of α 2 macroglobulin is not clear, it may serve as a carrier and a regulator of cytokine activity. 67 Therefore, it is feasible that it is also a carrier molecule for TRAP that mediates the clearance of the enzyme from areas of bone resorption and then the circulation. Ultimately, TRAP has the fate of all circulating enzymes. Its structure becomes compromised, leading to its inactivation as a catalyst. It loses its binuclear iron centre, which is then recycled, and the iron free enzyme protein is broken down by proteases in the plasma and the liver. The fragments that result from these events are eventually metabolised by the liver and/or removed in the urine. Experiments performed by Halleen et al give some indication of the time scale of TRAP activity. 56 Inactive, human osteoclast derived TRAP, equivalent to newly synthesised enzyme, required four hours' incubation at 37°C to convert to the active pink form. Deactivating the enzyme to the yellow form required 24 hours' incubation. These results have implications for the dynamic testing of bone resorption using a serum sample. Quantities of active TRAP measured in the serum could indicate the amount of osteoclast activity taking place no longer than 24 hours before sampling.
CLINICAL USEFULNESS OF TRAP AND OSTEOCLAST FUNCTION
Taken as a whole, these findings have uncovered a direct involvement of TRAP in the pathology of bone resorption conditions. Furthermore, its concentration in the serum appears to have a quantitative and dynamic relation to the amount of resorption taking place on a day by day basis. This has important implications for the diagnosis, management, and treatment of excessive loss of bone tissue in certain disease states.
Clinical intervention to slow down or prevent pathological bone resorption The pathway of both osteoclast function and TRAP activity exposes stages in the process of bone resorption that can be targeted for clinical intervention. The controlling influence of particular hormonal triggers on the increase and suppression of bone resorption have been pursued. For example, hormone replacement therapy increases serum concentrations of oestrogen as a prophylactic measure against the development of postmenopausal osteoporosis 68 ; bisphosphonates such as alendronate can suppress parathyroid hormone mediated bone resorption 69 70 ; and interferon γ was shown to prevent osteoclast differentiation into active, TRAP producing cells. 71 Inhibitors of osteoclast integrins are being explored to prevent the attachment of osteoclasts to bone before the synthesis of TRAP and its release. 72 It is interesting that fluoride, which is currently used as a compound in the treatment of osteoporosis, 73 is a known inhibitor of TRAP enzyme activity. 4 It is possible that this agent has its positive effects not only by its well documented effect on bone hydroxyapatite but also by the inhibition of TRAP.
Diagnosis of excessive bone resorption and dynamic monitoring of bone loss during disease management regimens As with the development of many clinical tests now in routine use, the development of a reliable assay for measuring serum TRAP values has been a steady, evolving process, which has not been perfect from the start. It has needed progressive fine tuning as more has become known about the physiology and biochemistry of the TRAP molecule and the requirements of immunoassay protocols to measure it.
Immunoassays have provided the most promise as diagnostic tools for detecting osteoclast derived TRAP in serum. This methodology can potentially sensitively measure the amount of TRAP protein present in a millilitre of serum. The technique offers a solution to the problems associated with the "older" enzyme activity methods that measured the catalytic activity of total TRAP present in the serum, regardless of its cellular origins. Table 3 shows the concentration of TRAP found in the serum of healthy and postmenopausal subjects as measured by three different immunoassay protocols.
A detectable increase in serum TRAP concentration in children and postmenopausal women is illustrated, as compared with healthy adults. However, disagreements between research groups are clearly evident and may arise because of the use of different immunoreagents and immunoassay protocols.
Isotypes of TRAP are functionally akin. However, they can be very different in molecular structure. A reliable immunoassay for measuring TRAP in the serum needs to exploit unique structural traits of the osteoclast derived TRAP molecule to discriminate it from other serum components. Monoclonal antibodies are fundamental to immunoassay methodology. The specificity and sensitivity of an immunoassay is reliant upon the availability of monoclonal antibodies that possess the highest power to differentiate between isotypes of APs and TRAPs. Therefore, these reagents require stringent development to ensure that they bind exclusively to a particular epitope (small region) on the osteoclast derived TRAP molecule. [74] [75] [76] This could be one factor causing the discrepancy between immunoassays for TRAP that are currently being developed. The hybridoma technique of monoclonal antibody development has the potential to provide an unlimited supply of a monoclonal reagent to osteoclast derived TRAP. Reagents that are developed with this technique-for example, by using synthetic peptides (representing key antigenic determinants) for immunisation-will possess exquisite specificity for epitopes on the enzyme molecule. 77 Measurement of serum TRAP has yet to achieve the clinical acceptance associated with other established markers of bone resorption. 78 79 However, a reliable immunoassay for TRAP would improve the identification and monitoring of bone resorption activities of osteoclasts. Such an assay would compliment established methods that use bone degradation products as markers in the urine-for example, deoxypyridinium crosslinks and their associated peptides. 80 81 Diagnostic protocols using urine as a sample medium require a 24 hour collection and need correlating to creatinine. This can be both impractical and labourious. Furthermore, urine as a sample medium can present high analytical and biological variation. A serum based immunoassay is therefore preferential. 
CONCLUSION
This article highlights several important points that provide a rationale for taking APs more seriously in the diagnosis, management, and treatment of clinical conditions. APs catalyse and facilitate important physiological changes within cells. These are strikingly evident when APs are deficient or expressed in excessive amounts (table 2). Distinct stages of osteoclast/TRAP mediated bone resorption are being clarified and present opportunities to manipulate pathological processes, decrease the loss of bone density, and reduce the risk of fractures. Questions remain to be answered such as the identity of cytokines that control the process of TRAP synthesis and activity. However, measures to inhibit the action of intracellular TRAP could hamper the removal of degradation products, with the deleterious prospect of "clogging up" the system, or the beneficial imposition of a rate limiting influence on the resorption process.
The TRAP molecule itself has already had unquestionable impact on the histological diagnosis of hairy cell leukaemia, Gaucher's disease, and osteoclastoma. It has the potential to influence the diagnosis of bone resorption conditions if assay methods are adapted for use with a serological medium. Tartrate resistant AP 5b meets the essential criteria for a serum marker of disease. It has unique structural features allowing it to be distinguished from other molecules, isotypes of AP, and from degradation fragments of TRAP present in the serum; it is released into plasma at a rate proportional to the pathological event it is associated with; it is measurable in the plasma; it is stable on storage; and it can provide a dynamic profile of pathological changes taking place on a day by day basis.
An immunoassay for measuring TRAP as an indication of the amount of bone resorption taking place would provide additional information in the hospital clinical laboratory for the diagnosis and monitoring of bone resorption conditions. In addition, there is the prospect of simplifying the test for self monitoring as an "over the counter kit", as is available for blood glucose, blood cholesterol, and pregnancy testing. The kit could provide regular feedback for people at risk of bone loss, and who are attempting to take control of it themselves through exercise, diet, alternative treatments, and conventional regimens.
